The potentiometric response of the ZnO sensor vs Ag/AgCl reference electrode was found to be linear over a relatively wide logarithmic concentration range (1 to 650 µM) suitable for human blood serum. By applying a Nafion membrane on the sensor the linear range could be extended to 1 to 1000 µM at the expense of an increased response time from 6.25 s to less than 9 s. On the other hand the membrane increased the sensor durability considerably. The sensor response was unaffected by normal concentrations of common interferents such as ascorbic acid, glucose, and urea.
INTRODUCTION
Uric Acid (UA), a major nitrogenous compound in the urine, is the product of purine metabolism in the human body and is related to many clinical disorders [1] . It is important to determine the concentration of uric acid dissolved in human urine and blood to be able to diagnose diseases caused by disorders of purine biosynthesis and/or purine catabolism, such as gout, hyperuricemia, and Lesch-Nyhan syndrome [2] [3] [4] [5] [6] . Several epidemiological studies have suggested that the production of excess uric acid in human serum is also a risk factor for cardiovascular disease [7] . Thus, the screenings of UA in human physiological fluids are indispensable for the diagnosis of patients suffering from a range of disorders associated with altered purine metabolism. Various uric acid biosensors have emerged from laboratories, because of the advantages of simple measurement, a short response time, high sensitivity, and high selectivity. Most uric acid biosensors are on amperometric principles [8] [9] [10] [11] , the detection of oxygen consumption [12] [13] [14] , chemiluminescence [15] [16] , and the detection of fluoride ions [17] . The main problem in the practical application of many amperometric biosensors is that the electrode must be held at approximately 0.7 V [18] . The relatively high electrode potential enables other biological electroactive molecules to react on the surface of the electrode [19] . However, interferences can be reduced by opting potentiometric configuration as described in literature [20] [21] [22] [23] . Moreover, compared to amperometric biosensors, since no potential is required that may result in unwanted electrochemical reactions; potentiometric biosensors can have an advantage in selectivity. However, a limitation of ion sensitive electrodes (ISEs) is that only charged molecules can be directly detected. This obstacle can be overcome by letting the analyte undergo a reaction, such as an enzyme reaction, that produces a detectable ion in an amount proportional to the concentration of the analyte in the sample. In the enzyme field effect transistor (EnFET), this is taken a step further by combining the enzyme reaction with an ion sensitive field effect transistor (ISFET) was first introduced by Caras and Janata [24] .
Recent advances in electrochemical biosensing based on a wide variety of nanostructures such as ZnO nanowires, nanotubes and nonporous materials have attracted great interest due to their remarkable properties like non-toxicity, bio-safety, excellent biological compatibility, high-electron transfer rates, enhanced analytical performance, increased sensitivity, ease of fabrication and low cost [25] [26] [27] [28] [29] . ZnO nanomaterials can be used in a variety of electrochemical biosensing schemes due to their unique advantages in combination with immobilized enzymes. They can maintain the activity of the enzyme due to the desirable microenvironment, and enhance the direct electron transfer between the enzyme's active sites and the electrode. The high isoelectric point (IEP) of ZnO (9.5) makes it a good matrix to immobilize low isoelectric point acidic proteins or DNA by electrostatic interactions with high binding stability [30] [31] . In addition, ZnO has high ionic bonding (60%), and it dissolves very slowly at normal biological pH values. The enzymes uricase has a good electrostatic interaction with ZnO nanowires due to its low IEP at a pH of 4.3 and shows a good thermal stability and high selectivity to uric acid [32] . A ZnO thin film may also be used for the determination of uric acid but we chose ZnO nanowires due to the higher surface-tovolume ratio thus capturing more ions on the ZnO structure. Also ZnO nanowires exhibited better performance in perspective of signal to noise ratio as compared to ZnO thin film [33] because the nanosurfaces have other chemical properties as well. These are the reasons why nanowires are more sensitive, have an extended detection limit and possess a fast response time as compared to a thin films [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] .
In this work, a simple fabricated and sensitive potentiometric uric acid sensor based on ZnO nanowires grown on a gold coated flexible plastic electrode has been successfully demonstrated using electrostatic process for the immobilization of uricase enzyme. The good performance of this proposed uricase/ZnO sensor in buffer solutions to determine uric acid level were investigated. It showed good features of selectivity, fast response, reproducibility, linearity, thermal stability and negligible foreign interferences.
EXPERIMENTAL DETAILS

Materials
Uricase (E.C. 1.7. 
Fabrication of sensor electrode with ZnO nanowires
To prepare the sensor electrodes, we affixed the flexible plastic substrate on a flat support inside the vacuum chamber of an evaporation system (Evaporator Satis CR725). In the first step, titanium film was uniformly deposited with a thickness of 10 nm and in the second step, 50 nm of gold was deposited on the surface of the plastic substrate. The AFM image showing the surface roughness of deposited films is shown in figure 1 (a) . A 4 cm long clean, piece of gold coated plastic electrode (1 mm in width) was first rinsed with acetone followed by rinsing in de-ionized water and drying at room temperature. To grow ZnO nanowires on the gold electrode, a low temperature chemical approach was adopted [36] . First the electrode was dipped into a seed solution containing zinc acetate for two minutes and then dried in air.
This procedure was repeated twice. Then the electrodes were placed in an aqueous solution of N 4 ] that was kept in an oven for 2-4 hours at 90°C. After the growth was completed, the grown nanowires were cleaned in de-ionized water and dried at room temperature. Typical ZnO nanowires grown on gold coated plastic electrode using this procedure are shown in figure 1(b) . This SEM images clearly show that ZnO nanowires of 80-150 nm diameters with uniform density and spatial distribution had been grown. These nanowires were perpendicular relative to the surface of the strip. The morphological and structural characteristics of the grown nanowires can be controlled by adjusting the growth process parameters such as the concentration of the seed solution, the reagent stoichiometry, the temperature and the pH of the growth solution [37] .
Construction of uric acid sensor and electrochemical measurements
Two types of uricase electrodes with and without membrane were prepared for the experiments. For the first type, a uricase solution was prepared in 10 mM PBS pH 7.4. 
RESULTS AND DISCUSSION
Response time of potentiometric uric acid sensors
The construction of the standard two-electrode electrochemical potential cell can be described by the following representation 
----------(1)
When uric acid is oxidized in the presence of uricase it is turned into allantoin along with carbon dioxide and hydrogen peroxide. Due to the presence of water (H-OH), it is a high probability that allantoin will accept a proton from (H-OH) converting it to allantoinium ion, which in turn will interact with ZnO nanowires and produce a potential change at the electrode. As the concentration of ions changes in surrounding the ZnO nanowires the electrode potential will change [38] . The potentiometric responses of the sensor electrodes were studied in uric acid solutions made in buffer (PBS pH 7.4) with concentration ranging from 1 µM to 1000 µM. During the measurements it was observed that the produced carbon the logarithmic concentrations of the uric acid as shown in figure 3(a, b) .
Reproducibility, linearity and stability of the sensor
The reproducibility and long term stability were evaluated by using 5 different uric acid sensor electrodes constructed independently under the same conditions; the relative standard deviation of the fabricated sensor electrodes in standard uric acid solutions was less than 7%. The sensor to sensor reproducibility in 100 µM uric acid solution is shown in figure   4 . Figure 5 
Studies of pH effect, temperature and interferences
The pH of the working medium affects the activity of uricase and signal response of the sensor electrode. The pH dependence of sensor response was investigated in 250 µM uric acid solution over the pH range from 6 to 9 as shown in figure 6 (a). The experimental results indicate that the optimum pH range is between 6.5 to 7.5 pH. However, the linearity is optimal at pH 7.4. Although the reported optimal pH of uricase was in the range pH 8.5 to pH 9.2 [9] , the pH of most physiological fluids is below this range. sensor depends on two major factors that are the enzyme-analyte reaction and the selective mechanism. The enzyme analyte reaction is very specific due to the nature of the uricase functionality. The possible interferences present in blood that normally interfere with an amperometric uric acid biosensor include ascorbic acid (AA) urea (UR) and glucose (GL) [39] . Hence, ascorbic acid, urea and glucose were selected to affirm the selectivity of the potentiometric uric acid sensor in the present work. Upon adding glucose to 5mM, ascorbic acid to 100 µM, and urea to 1mM in a 100 µM uric acid solution the signal changed only slightly as is shown by the output response in figure 6 . This was repeated several times on new, independently prepared sensors and continued to show little signal response to interferences. In practical measurements, however these changes in sensor response can be neglected.
Conclusion
In this article, we introduced a simple fabrication procedure for a highly sensitive uric acid biosensor based on ZnO nanowires which provided a suitable microenvironment for enzyme loading and an easy immobilization procedure. The uricase sensor retained its enzymatic activity due to strong electrostatic interaction between zinc oxide and uricase. The potentiometric response increase with increasing the concentrations of uric acid from 1 µM to 1000 µM with a sensitivity of 32mV/decade, Since the sensor is low cost with appreciable reproducibility, it may offers an easy extension to on-spot clinical diagnosis. It is also convenient to assemble into portable chip based sensing devices suitable to unskilled users. 
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